Background. Colloids are often used after cardiac surgery as intravascular volume replacement therapy. Cardiac surgical patients have an increased risk of bleeding. Both hydroxyethylstarch (HES) and gelatin solutions impair haemostasis. We examined the impact and dose effect on coagulation of HES 130/0.4, gelatin, or Ringer's acetate solutions after cardiac surgery.
Colloids are used after cardiac surgery because of their ability to maintain intravascular volume and regional tissue perfusion more efficiently than crystalloids. 1 -3 Hydroxyethylstarch (HES) solutions modify blood coagulation in vivo and in vitro by prolonging coagulation time and decreasing clot strength. 4 5 The use of rapidly degradable HES solutions (molar substitution ratio under 0.5) on bleeding is safe in comparison with slowly degradable HES solutions with high degrees of substitution. 6 7 Despite its negative effect on laboratory parameters of blood coagulation, the modern 'third generation' HES 130/0.4 has not been associated with increased blood loss, 5 8 and this solution has been recommended for fluid resuscitation. 9 Previously, gelatin has been used in critically ill patients because of its minimal effect on renal function, 10 but a recent study showed that gelatin impairs renal function more than the third-generation HES 130/0.4 solution. 11 Gelatins also impair blood coagulation in vitro 12 and influence platelet aggregation after cardiac surgery. 13 Ringer's solution does not disturb blood coagulation 14 and has been used for fluid therapy in patients with coagulation disorders. No differences in mortality of critically ill patients have been demonstrated after the use of different colloid or crystalloid solutions. 15 Cardiopulmonary bypass (CPB) causes powerful activation of the haemostatic system, and the risk of postoperative bleeding is increased. 16 Previously, Wilkes and colleagues 17 showed that the use of HES solutions (HES 450/0.7 and HES 200/0.5) after CPB predisposed patients to increased blood loss.
We recently showed that a relatively small dose of rapidly degradable HES solutions (HES 130/0.4 and 200/0.5) after elective cardiac surgery impaired blood coagulation without any clinical effect on blood loss. 5 In our previous study, 5 HES was given as a single dose (15 ml kg 21 ). Consequently, the present randomized single-blinded study was designed to evaluate the effect of repeated doses of HES 130/0.4 and gelatin on blood coagulation and on blood loss after cardiac surgery in a controlled setting. Ringer's acetate was used as a control. Blood coagulation was studied using modified thromboelastometry (ROTEM w ) using four different coagulation tests to determine possible mechanisms of coagulation disturbances. ), preoperative left ventricular ejection fraction ,40%, patients who had received warfarin, heparin, low-molecular-weight heparin, clopidogrel, or acetylsalicylic acid within the previous 5 days before the operation were excluded. Preoperative cardiac medication was continued until the morning of surgery, except for angiotensin-converting enzyme inhibitors and angiotensin II antagonists.
Methods

Patients
Patients were premedicated and treated during surgery according to the clinical protocol of the hospital as described earlier. 5 CPB was performed using a nonpulsatile pump and a membrane oxygenator in a standard manner. 5 Ringer's acetate was given during surgery. Shed mediastinal blood was not retransfused in the postoperative period. Tranexamic acid, 1-aminocapronic acid, aprotinin, and colloid solutions were not given during surgery.
Study groups
Immediately after admission to the intensive care unit (ICU), subjects were allocated in a random order (closed envelopes were prepared before the beginning of the study by a person who did not take part in the treatment of the study subjects) to receive one of the following solutions: 
Thromboelastometry and laboratory analyses
Thromboelastometry, haemodynamic, and laboratory measurements were performed upon arrival to ICU (Pre), after each bolus of the study infusion (7, 14, and 21 ml kg 
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Coagulation was initiated with activators using a semiautomated electronic pipette system according to the manufacturer's instructions. Coagulation was allowed to proceed for 60 min. Automatic ROTEM w variables were: clotting time (CT, s), clot formation time (CFT, s), a-angle (a, degree), maximum clot firmness (MCF, mm), and clot lysis (%). The variables of thromboelastometry are validated with standard coagulation tests. 19 The effect of platelets on clot strength was assessed by the difference between ExTEM w -and FibTEM
Arterial blood samples were analysed for Hb (g litre 21 ), haematocrit (Hct, %), and PC (10 9 litre 21 ) using Cell-Dyn 610 haematology analyzer (Sequila-Turner Corp., Mountain View, CA, USA). ACT was measured by ACT II w device (Medtronics Inc., Minneapolis, MN, USA). Cumulative chest tube drainage, urine output, and the cumulative amount of transfused blood products and Ringer's acetate solution were recorded after surgery, on arrival in the ICU, after each bolus of the study solution, and on the 1 POM.
Statistical analysis
The number of subjects needed for the study was based on an expected difference in MCF of the thromboelastometry tracing which has been shown to correlate with postoperative bleeding after cardiac surgery. 21 On the basis of our previous study, 20 it was estimated that 15 subjects per group were needed to detect a decrease of 15% in MCF with an a-and a b-error of 0.05 and 0.2, respectively. Since the data were normally distributed (Kolmogorov-Smirnov test), analysis of variance (ANOVA) was applied. After ANOVA, paired comparisons were performed by the Bonferroni test as indicated. t-test was used to compare paired differences within the groups. The results are reported as means and standard deviations (SD). Frequencies were tested by x 2 test. P-values of ,0.05 were considered to be statistically significant. All statistical measurements were performed with SPSS for Windows (version 16.0).
Results
Subjects in all three groups were comparable regarding patient characteristic and operative data (Table 1) . Routine laboratory tests were within the normal range before operation (data not shown). Two subjects in the HES, four in the GEL, and three in the RIN groups received red blood cells, and one subject in the GEL and RIN groups received platelet concentrate intraoperatively (P¼0.97 and 0.63 between all groups, respectively). Fresh-frozen plasma was not transfused intraoperatively (Table 2) .
Baseline thromboelastometry was similar in the study groups ( Table 3) . Infusion of 7, 14, and 21 ml kg 21 of colloid solutions decreased MCF and a-angle, and prolonged CFT using all ROTEM w tests. , MCF in the GEL group was significantly lower than in the HES and RIN groups, but there was no difference between the HES and RIN groups.
CT was prolonged after infusion of 14 ml kg 21 (using ExTEM w ) of HES in comparison with the RIN group (P,0.02). Otherwise, CT was comparable between the groups (P.0.05).
There were no differences in lysis parameters (P.0.05) between groups before and after study solution infusions. All lysis parameters were within normal range (data not shown).
After infusion of 7, 14, and 21 ml kg 21 of both colloid solutions Hb, Hct, and PC were significantly decreased compared with the pre-infusion level. Infusion of Ringer's acetate did not result in changes in Hb or Hct. The PC was increased after completion of 7 and 21 ml kg 21 of Ringer's acetate. After completion of 7, 14, and 21 ml kg 21 of both colloid solutions Hb, Hct, and PC were significantly lower (P,0.05) than in the RIN group. On the 1 POM, there was no difference between the groups (Table 2 ). There were no statistically significant differences in the amount of administered packed red blood cell concentrates, fresh-frozen plasma, or platelet concentrates after operation ( Table 2) .
The doses of administered fluids, urine output intraoperatively and after operation, and the chest tube drainage during 18 h after surgery were comparable in all three groups (Table 4) .
Discussion
We demonstrated similar impairment of whole-blood coagulation by infusion of HES 130/0.4 or gelatin solutions after cardiac surgery in adults. We observed that maximum clot strength and a-angle were significantly lower, and CFT was longer after infusion of colloid # solutions in comparison with Ringer's acetate, and these changes were dose-dependent. Impairment of clot formation and strength was still seen on the 1 POM in the gelatin group, whereas in the HES group, it had recovered. Our study showed that infusion of both HES 130/0.4 and gelatin solutions after cardiac surgery alter clot strength and fibrin build-up similarly. Several mechanisms have been suggested by which colloids impair blood coagulation. 22 Large molecules of colloids interfere with fibrinogen, coagulation factor VIII, and von Willebrand factor more than predicted from haemodilution alone. 23 24 In studies assessing whole-blood viscoelastic properties, HES and gelatin promote platelet dysfunction, 13 disturb the reticular fibrin mesh, decrease clot firmness, and reduce functional clot quality. 4 20 24 25 In such conditions, the resulting thrombus may be less stable and more susceptible to lysis. Also, haemodilution might reduce thrombin generation and fibrin clot formation independently of each other. 26 Impairment of blood coagulation was detected using both InTEM w and ExTEM w tests, which suggests that HES and gelatin solutions alter mainly the strength of the whole-blood clot (decreased MCF), but also to some extent fibrin formation ( prolonged CFT). Similar findings have been reported previously. 4 22 23 27 However, the exact mechanism remains unclear since we did not demonstrate impaired fibrin polymerization per se nor did we measure fibrinogen concentration. Reduced fibrinogen concentration could impair fibrin polymerization in conditions of haemodilution. 28 Our finding of decreased maximum fibrin clot strength with the FibTEM w test (where the impact of platelets is eliminated from the clotting process) indicates a reduction in strength of the fibrin component of the clot. 29 Since platelet contribution to clot strength (ExTEM w MCF -FibTEM w MCF) was not altered by HES or gelatin, our observation suggests that the observed coagulation disorder after the infusion of colloid solutions is not mediated by platelets. 30 We observed a slight but significant increase in MCF and a-angle after cumulative infusion of 14 (using ExTEM w and FibTEM w ), 21, and 28 ml kg 21 of Ringer's acetate solution (using ApTEM w test). This finding reflects a relative procoagulant effect of Ringer's acetate solution after cardiac surgery. Crystalloids have been shown to enhance blood coagulation, especially when rapid infusions of fluid have been used. Such infusions alter the balance between anticoagulants and the spontaneously activated fraction of procoagulants, which could result in an enhancement of clot formation. 31 The use of CPB induces haemodilution, platelet dysfunction, reduces the amount of coagulation factors, and promotes fibrinolysis. 32 33 Open heart surgery and CPB cause tissue factor-mediated activation of the extrinsic coagulation pathway. Also, the intrinsic coagulation pathway is activated as a result of contact of blood with the non-biological surface of the CPB circuit. Therefore, coagulation after cardiac surgery is strongly altered, and the risk of bleeding is increased. For this reason, the choice of fluids for optimal volume replacement therapy is of critical importance.
Previously, clot lysis was seen only in extreme situations using thromboelastometry. 34 It has been speculated that the blood clot could be vulnerable after HES haemodilution. 35 We did not observe any fibrinolysis activity in our patients since clot strength remained unchanged with ApTEM w test when compared with ExTEM w . This finding does not support the routine use of antifibrinolytic agents in the postoperative period after elective cardiac surgery.
Both HES and gelatin solutions decreased Hb, Hct, and PC more than Ringer's acetate, which is in accordance with previous studies, 36 and might be explained by different volume effects of the study solutions given. Interestingly, Hb value normalized on the 1 POM in the HES group, but not in the gelatin group. Variance in the degree of haemodilution might affect the thromboelastometry results. In the present study, each patient received an equal amount of study solution after operation. However, in order to achieve and maintain predetermined goals of haemodynamics, the patients received additional infusions of Ringer's acetate when necessary. The aim of the study was not to achieve a similar degree of haemodilution. Thus, the thromboelastometric results reflect actual alterations in blood coagulation. Haemodilution is an essential part of this clinical setting after cardiac surgery.
We demonstrated that HES 130/0.4 and gelatin impaired coagulation after cardiac surgery, but these disturbances did not cause detectable clinical changes, that is, the amount of postoperative blood loss or the amount of blood products transfused did not differ significantly between the groups. Even though the difference was not statistically significant, fewer red blood cells were transfused in the Ringer's acetate group in comparison with the colloid groups. This difference might reflect the greater haemodilutional effect of colloids than crystalloids. In the present study, the use of HES 130/0.4 did not increase postoperative blood loss after cardiac surgery, while previously high-molecular-weight HES solutions have been shown to increase chest tube drainage even in smaller doses of under 20 ml kg
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. 17 A recent study also demonstrated a favourable effect of HES 130/0.4 in comparison with HES 200/0.5 on postoperative blood loss after non-cardiac surgery. 37 Our study was limited by the relatively small patient population with different types of cardiac surgery. On the other hand, our patient population was fairly homogenous in comparison with patients treated in general ICUs. Additionally, this study was not powered to demonstrate any differences in the amount of blood products transfused.
We conclude that even a small dose (7 ml kg
) of modern rapidly degradable HES 130/0.4 or gelatin solution impairs clot formation and strength temporarily in cardiac surgical patients and this effect is more pronounced as the dose is increased. The clinical effect of this coagulation disturbance should be further studied in other patient groups with increased risk of bleeding.
